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[FRL  836-1] 

PART  60~STANDARDS  OF  PERFOR¬ 
MANCE  FOR  NEW  STATIONARY 
SOURCES 

Petroleum  Refinery  Clous  Sulfur 
Recovery  Plants 

AGENCY:  Environmental  Protection 
Agency  (EPA). 

ACTION:  Pinal  rule. 

SUMMARY:  This  rule  establishes 
standards  of  performance  which  will 
limit  emissions  of  sulfur  dioxide  (SO>) 
and  reduced  sulfur  compounds  from 
new,  modified,  and  reconstructed  pe¬ 
troleum  refinery  Claus  sulfur  recovery 
plants.  The  standards  implement  the 
Clean  Air  Act  and  are  based  on  the 
Administrator’s  determination  that 
emissions  from  petroleum  refinery 
Claus  sulfur  recovery  plants  contrib¬ 
ute  significantly  to  air  pollution.  The 
intended  effect  of  the  standards  is  to 
require  new,  modified,  and  recon¬ 
structed  petroleum  refinery  Claus 
sulfur  recovery  plants  to  use  the  best 
technological  system  of  continuous 
emission  reduction. 

EFFECTIVE  DATE:  March  15,1978. 

ADDRESSES:  Copies  of  the  standard 
support  documents  are  available  on  re¬ 
quest  from  the  U.S.  EPA  Library 
(MD-35),  Research  'Triangle  Park, 
N.C.  27711.  The  requestor  should 
specify  “Standards  Support  and  Envi¬ 
ronmental  Impact  Statement,  Volume 
I:  Proposed  Standards  of  Performance 
for  Petroleum  Refinery  Sulfur  Recov¬ 
ery  Plants’’  (EPA-450/2-76-016a)  and/ 
or  “Standards  Support  and  Environ¬ 
mental  Impact  Statement,  Volume  II: 
Promulgated  Standards  of  Perfor¬ 
mance  for  Petroleum  Refinery  Sulfur 
Recovery  Plants’’  (EPA-450/2-76- 
016b).  Conunent  letters  responding  to 
the  proposed  rules  published  in  the 
Federal  Register  on  October  4,  1976 
(41  FR  43866),  are  available  for  public 
inspection  and  copying  at  the  U.S.  En¬ 
vironmental  Protection  Agency,  Public 
Information  Reference  Unit  (EPA  Li¬ 
brary),  Room  2922,  401  M  Street  SW., 
Washington,  D.C. 

FOR  FURTHER  INFORMATION 
CONTACT: 

Don  R.  Goodwin,  Emission  Stan¬ 
dards  and  Engineering  Division 
(MD-13),  Environmental  Protection 
Agency,  Research  Triangle  Park, 
N.C.  27711,  telephone  number  919- 
541-5271. 


SUPPLEMENTARY  INFORMATION: 

Summary 

On  October  4,  1976  (41  FR  43866), 
EPA  proposed  standards  of  perfor¬ 
mance  for  new  petroleum  refinery 
Claus  sulfur  recovery  plants  under  sec¬ 
tion  111  of  the  Clean  Air  Act,  as 
amended.  The  promulgated  standards 
are  essentially  the  same  as  those  pro¬ 
posed,  although  an  exemption  for 
small  petroleum  refineries  has  been  in¬ 
cluded  in  the  promulgated  standards. 
The  standards  are  based  on  the  use  of 
tail  gas  scrubbing  systems  which  have 
been  determined  to  be  the  best  tech¬ 
nological  system  of  continuous  emis¬ 
sion  reduction,  taking  into  consider¬ 
ation  the  cost  of  achieving  such  emis¬ 
sion  reduction,  any  nonair  quality, 
health,  and  environmental  impact  and 
energy  requirements.  Compliance  with 
these  standards  will  increase  the  over¬ 
all  sulfur  recovery  efficiency  of  a  typi¬ 
cal  refinery  Claus  sulfur  recovery 
plant  to  about  99.9  percent,  compared 
to  a  recovery  efficiency  of  about  94 
percent  for  an  uncontrolled  refinery 
Claus  sulfur  recovery  plant,  or  a  recov¬ 
ery  efficiency  of  about  99  percent  for  a 
Claus  sulfur  recovery  plant  complying 
with  typical  State  omission  control 
regulations  for  these  plants. 

The  promulgated  standards  will 
apply  to:  (1)  suiy  Claus  sulfur  recovery 
plant  with  a  sulfur  production  capac¬ 
ity  of  more  than  20  long  tons  per  day 
(LTD)  which  is  associated  with  a  small 
petroleum  refinery  (i.e.,  a  petroleum 
refinery  having  a  crude  oil  processing 
capacity  of  50,000  barrels  per  stream 
day  (BSD)  or  less  which  is  oumed  or 
controled  by  a  refiner  whose  total 
combined  crude  oil  processing  capacity 
is  137,500  BSD  or  less)  and  (2)  any  size 
Claus  sulfur  recovery  plant  associated 
with  a  large  petroleum  refinery.  Spe¬ 
cifically,  the  standards  limit  the  con¬ 
centration  of  sulfur  dioxide  (SOa)  in 
the  gases  discharged  into  the  atmo¬ 
sphere  to  0.025  percent  by  volume  at 
zero  percent  oxygen  on  a  dry  basis. 
Where  the  emission  control  system  in¬ 
stalled  to  comply  with  these  standards 
discharges  residual  emissions  of  hy¬ 
drogen  sulfide  (HaS),  carbonyl  sulfide 
(COS),  and  carbon  disulfide  (CSa),  the 
standards  limit  the  concentration'  of 
HaS  and  the  total  concentration  of 
HaS,  COS  and  CSa  (calculated  as  SOa) 
in  the  gases  discharged  into  the  atmo¬ 
sphere  to  0.0010  percent  and  0.030  per¬ 
cent  by  volume  at  zero  percent  oxygen 
on  a  dry  basis,  respectively. 

Compliance  with  these  standards 
will  reduce  nationwide  sulfur  dioxide 
emissions  by  some  55,000  tons  per  year 
by  1980.  This  reduction  will  be 
achieved  without  any  significant  ad¬ 
verse  impact  on  other  aspects  of  envi¬ 
ronmental  quality,  such  as  solid  waste 
disposal,  water  pollution,  or  noise. 
This  reduction  in  emissions  will  also 
be  accompanied  by  a  reduction  in  the 


growth  of  nationl  energy  consumption 
equivalent  to  about  90,000  barrels  of 
fuel  oil  per  year  by  1980. 

The  economic  impact  of  the  promul¬ 
gated  standards  is  reasonable.  They 
will  result  in  an  increase  in  the  annual 
operating  costs  of  the  petroleum  refin¬ 
ing  industry  by  some  $16  million  per 
year  in  1980.  An  individual  refiner  who 
installs  alternative  II  controls  will 
need  to  increase  his  prices  from  0.1  to 
1  percent  to  maintain  his  profitability. 

It  should  be  noted  that  standards  of 
performance  for  new  sources  estab¬ 
lished  under  section  111  of  the  Act  re¬ 
flect  the  degrree  of  emission  limitation 
achievable  through  application  of  the 
best  adequately  demonstrated  techno¬ 
logical  system  of  continuous  emission 
reduction  (taking  into  consideration 
the  cost  of  achieving  such  emission  re¬ 
duction,  any  nonair  quality  health  and 
environmental  impact  and  energy  re¬ 
quirements).  State  implementation 
plans  (SIPs)  approved  or  promulgated 
under  section  110  of  the  Act,  on  the 
other  hand,  must  provide  for  the  at¬ 
tainment  and  maintenance  of  national 
ambient  air  quality  standards 
(NAAQS)  designed  to  protect  public 
health  and  welfare.  For  that  purpose, 
SIP*s  must  in  some  cases  require  great¬ 
er  emission  reduction  than  those  re¬ 
quired  by  standards  of  performance 
for  new  sources.  Section  173(2)  of  the 
Act  requires,  among  other  things,  that 
a  new  or  modified  source  constructed 
in  an  area  which  exceeds  the  NAAQS 
must  reduce  emissions  to  the  level 
which  reflects  the  “lowest  achievable 
emission  rate”  for  such  category  of 
source,  unless  the  owner  or  operator 
demonstrates  that  the  source  cannot 
achieve  such  an  emission  rate.  In  no 
event  can  the  emission  rate  exceed  any 
applicable  standard  of  performance. 

A  similar  situation  may  arise  when  a 
major  emitting  facility  is  to  be  con¬ 
structed  in  a  geographic  area  which 
falls  under  the  prevention  of  signifi¬ 
cant  deterioration  of  air  quality  provi¬ 
sions  of  the  Act  (part  C).  These  provi¬ 
sions  require,  among  other  things, 
that  major  emitting  facilities  to  be 
constructed  in  such  areas  are  to  be 
subject  to  the  best  available  control 
technology.  The  term  “best  available 
control  technology”  (BAC!T)  means 
“an  emission  limitation  based  on  the 
maximum  degree  of  reduction  of  each 
pollutant  subject  to  regulation  under 
this  Act  emitted  from  or  which  results 
from  any  major  emitting  facility, 
which  the  permitting  authority,  on  a 
case-by-case  basis,  taking  into  account 
energy,  environmental,  and  economic 
impacts  and  other  costs,  determines  is 
achievable  for  such  facility  through 
application  of  production  processes 
and  available  methods,  systems,  and 
techniques,  including  fuel  cleaning  or 
treatment  or  innovative  fuel  combus¬ 
tion  techniques  for  control  of  each 
such  pollutant.  In  no  event  shall  appli- 
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cation  of  ‘best  available  control  tech¬ 
nology’  result  in  emissions  of  any  pol¬ 
lutants  which  will  exceed  the  emis¬ 
sions  allowed  by  any  applicable  stan¬ 
dard  established  pursuant  to  section 
111  or  112  of  this  Act.” 

Standards  of  performance  should 
not  be  viewed  as  the  ultimate  in 
achievable  emission  control  and 
should  not  preclude  the  imposition  of 
a  more  stringent  emission  standard. 
W'here  appropriate.  For  example,  while 
cost  of  achievement  may  be  an  impor¬ 
tant  factor  in  determining  standards 
of  performance  applicable  to  all  areas 
of  the  country  (clean  as  well  as  dirty), 
costs  must  be  accorded  far  less  weight 
in  determining  the  “lowest  achievable 
emission  rate”  for  new  or  modified 
sources  locating  in  areas  violating  sta¬ 
tutorily-mandated  health  and  welfare 
standards.  Although  there  may  be 
emission  control  technology  available 
that  can  reduce  emissions  below  those 
levels  required  to  comply  with  stan¬ 
dards  of  performance,  this  technology 
might  not  be  selected  as  the  basis  of 
standards  of  performance  due  to  costs 
associated  with  its  use.  This  in  no  way 
should  preclude  its  use  in  situations 
where  cost  is  a  lesser  consideration, 
such  as  determination  of  the  “lowest 
achievable  emission  rate.” 

In  addition.  States  are  free  under 
section  116  of  the  Act  to  establish  even 
more  stringent  emission  limits  than 
those  established  under  section  111  or 
those  necessary  to  attain  or  maintain 
the  NAAQS  under  section  110.  Thus, 
new  sources  may  in  some  cases  be  sub¬ 
ject  to  limitations  more  stringent  than 
standards  of  performance  under  sec¬ 
tion  111,  and  prospective  ovimers  and 
operators  of  new  sources  should  be 
aware  of  this  possibility  in  planning 
for  such  facilities. 

Public  Participation 

Prior  to  proposal  of  the  standards, 
interested  parties  were  advised  by 
public  notice  in  the  Federal  Register 
of  a  meeting  of  the  National  Air  Pollu¬ 
tion  Control  Techniques  Advisory 
Committee  to  discuss  the  standards 
recommended  for  proposal.  This  meet¬ 
ing  was  open  to  the  public  and  each 
person  attending  was  given  ample  op¬ 
portunity  to  comment  on  the  stan¬ 
dards  recommended  for  proposal.  The 
standards  were  proposed  on  October  4, 
1976,  and  copies  of  the  proposed  stan¬ 
dards  and  the  Standards  Support  and 
Environmental  Impact  Statement 
(SSEIS)  were  distributed  to  members 
of  the  petroleum  refining  industry  and 
several  environmental  groups  at  this 
time.  The  public  comment  period  ex¬ 
tended  from  October  4,  1976,  to  De¬ 
cember  3,  1976. 

Twenty-two  comment  letters  were 
received  on  the  proposed  standards  of 
performance.  These  comments  have 
been  carefully  considered  and,  where 
determined  to  be  appropriate  by  the 


Administrator,  changes  have  been 
made  in  the  standards  which  were  pro¬ 
posed. 

Major  Comments 

Comments  on  the  proposed  stan¬ 
dards  were  received  from  several  oil  in¬ 
dustry  representatives,  State  and  local 
air  pollution  control  agencies,  a  vendor 
of  emission  source  testing  equipment, 
and  several  Federal  agencies.  These 
comments  covered  four  major  areas: 
the  costs  of  implementing  the  stan¬ 
dards,  the  ability  of  emission  control 
technology  to  meet  the  standards,  the 
environmental  impacts  of  the  stan¬ 
dards,  and  the  energy  impacts  of  the 
standards. 

COSTS 

The  major  comments  concerning 
costs  were  that  the  costs  of  the  emis¬ 
sion  control  systems  required  to  meet 
the  standards  were  underestimated, 
that  these  costs  were  excessive;  and 
that  small  sulfur  recovery  plants,  or 
small  petroleum  refineries  should  be 
exempt  from  the  standard. 

The  basic  cost  data  used  to  develop 
the  cost  estimates  were  obtained  from 
pretroleum  refinery  sources.  No  specif¬ 
ic  data  or  information  was  provided  in 
the  public  comments,  however,  which 
would  indicate  that  these  costs  are  sig¬ 
nificantly  in  error. 

In  the  preamble  to  the  proposed 
standards,  comments  were  specifically 
invited  concerning  the  impact  of  ,the 
standards  on  the  small  refiner.  After 
considering  these  comments,  EPA  has 
concluded  that  some  relief  from  the 
standards  is  appropriate.  The  major 
factor  involved  in  this  decision  w'as  a 
consideration  of  the  cost  effectiveness 
of  the  standards  on  large  and  small  re¬ 
finers.  The  incremental  cost  per  incre¬ 
mental  unit  of  sulfur  emissions  that 
must  be  controlled  to  meet  the  stan¬ 
dards  is  substantially  greater  for  the 
small  refiner  than  for  the  large  refin¬ 
er.  Furthermore,  the  impact  of  these 
costs  on  the  small  refiner  is  more 
severe  than  the  impact  on  the  large  re¬ 
finer,  because  the  small  refiner  cannot 
readily  pass  on  the  cost  of  emission 
control  equipment.  Consequently,  as 
discussed  in  volume  II  of  the  Stan¬ 
dards  Support  and  Environmental 
Impact  Statement  (SSEIS),  the  pro¬ 
mulgated  standards  include  a  lower 
size  cutoff  for  small  petroleum  refiner¬ 
ies  and  Claus  sulfur  recovery  plants. 
Claus  sulfur  recovery  plants  with  a 
sulfur  production  capacity  of  20  long 
tons  per  day  or  less  associated  with  a 
petroleum  refinery  with  a  crude  oil 
processing  capacity  of  50,000  BSD  or 
less,  which  is  owned  or  controlled  by  a 
refiner  whose  total  combined  crude  oil 
processing  capacity  is  137,500  BSD  or 
less,  are  exempt  from  the  standards. 
This  definition  of  a  small  petroleum 
refinery  is  consistent  with  that  includ¬ 
ed  in  section  211  of  the  Clean  Air  Act, 
as  amended. 


EMISSION  CONTROL  TECHNOLOGY 

A  major  concern  of  many  com- 
menters  was  the  limited  amoimt  of 
source  test  data  used  in  support  of  the 
numerical  emission  limits  included  in 
the  standards  and  the  fact  that  some 
of  these  data  were  collected  at  refiner¬ 
ies  where  the  emission  control  system 
was  operating  below  design  capacity. 
Also,  some  commenters  questioned  the 
ability  of  the  alternative  II  emission 
control  systems  to  continuously  oper¬ 
ate  at  a  99.9  percent  control  efficiency 
because  of  the  adverse  impact  of  Claus 
sulfur  recovery  plant  fluctuations  and 
CO,-rich  waste  gas  streams. 

In  arriving  at  the  numerical  emis¬ 
sions  limits  included  in  the  standards, 
source  test  data  collected  by  a  local 
agency  at  times  when  the  emission 
control  systems  were  operating  at 
normal  capacities,  information  from 
vendors  of  emission  control  equip¬ 
ment,  published  literature  on  emission 
control  technology,  and  contractor  re¬ 
ports  on  the  performance  of  emission 
control  technology  were  considered,  in 
addition  to  the  data  collected  during 
EPA’s  source  tests.  Based  on  the  infor¬ 
mation  and  data  from  these  sources 
and  the  lack  of  any  new  information 
and  data  submitted  by  the  com¬ 
menters.  no  change  in  the  emission 
limits  of  the  standards  is  warranted. 
Furthermore,  the  numerical  emission 
limits  in  the  standards  contain  an  ade¬ 
quate  safety  margin  to  allow  for  in¬ 
creased  emissions  due  to  Clause  sulfur 
recovery  plant  fluctuations. 

With  repect  to  the  potential  adverse 
impact  of  high  CO3  gas  streams,  this  is 
not  likely  to  impair  the  overall  emis¬ 
sion  control  system  efficiency  since 
high  COi  gas .  streams  are  seldom 
found  in  the  gases  treated  in  refinery 
Claus  sulfur  recovery  plants. 

.  ENVIRONMENTAL  IMPACT 

Several  commenters  felt  that  the  as¬ 
sessment  of  the  environmental  impact 
of  the  standards  was,  in  some  cases, 
biased  and  not  always  clear.  One  of 
these  commenters  suggested  that  a 
thorough  environmental  impact  state¬ 
ment  should  be  prepared  to  clarify  the 
impacts  of  the  standards. 

Litigation  involving  standards  of 
performance  has  established  that 
preparation  of  a  formal  environmental 
impact  statement  under  the  National 
Environmental  Policy  Act  is  not  neces¬ 
sary  for  actions  imder  section  111  of 
the  Clean  Air  Act.  While  a  formal  en¬ 
vironmental  impact  statement  is  not 
prepared,  the  beneficial  as  well  as  the 
adverse  impacts  of  standards  of  per¬ 
formance  are  considered.  The  promul¬ 
gated  standards  will  significantly 
reduce  emissions  of  sulfur  from  petro¬ 
leum  refineries  without  resulting  in 
any  significant  adverse  environmental, 
energy,  or  economic  impacts. 

Other  commenters  felt  that  stan¬ 
dards  based  on  99  percent  control  (al- 
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temative  I)  would  be  essentially  as  en¬ 
vironmentally  beneficial  as  standards 
based  on  99.9  percent  control  and 
would  be  less  costly  to  the  public.  This 
argument  was  based  on  the  premise 
that  most  State  regulations  do  not  re¬ 
quire  control  of  Claus  sulfur  plant 
emissions  at  the  99  percent  level  as 
claimed  in  volume  I  of  the  SSEIS. 
Hence,  standards  based  on  alternative 
I  would  significantly  reduce  national 
sulfur  emissions  from  refinery  Claus 
sulfur  recovery  plants. 

A  review  of  State  regulations  for 
controlling  emissions  from  refinery 
sulfur  recovery  plants  has  shown  that 
the  majority  of  the  States  with  the 
largest  petroleum  refining  capacities 
require  99  percent  control  of  emissions 
from  new  and  existing  sulfur  recovery 
plants.  Since  refinery  sulfur  recovery 
plant  growth  will  likely  occur  in  these 
States,  the  conclusion  that  standards 
based  on  99  percent  control  would 
have  little  or  no  beneficial  impact  is 
essentially  correct. 

ENERGY  IMPACT 

Several  commenters  questioned  the 
conclusion  that  compliance  with  stan¬ 
dards  based  on  alternative  II  could 
lead  to  an  energy  savings,  compared  to 
standards  based  on  alternative  I.  A 
review  of  the  information  and  data 
available  confirms  this  conclusion.  In 
any  case,  the  important  consideration 
is  whether  the  energy  impact  of  the 
standards  is  reasonable.  No  informa¬ 
tion  was  submitted  which  would  indi¬ 
cate  that  the  energy  impact  of  the 
standards  is  unreasonable. 

OTHER  CONSIDERATIONS 

At  proF>osal  comments  were  request¬ 
ed  relative  to  EPA’s  decision  to  regu¬ 
late  reduced  sulfur  compound  emis¬ 
sions.  which  are  designated  pollutants, 
without  implementing  section  111(d) 
of  the  Clean  Air  Act  at  this  time.  The 
one  commenter  who  responded  to  this 
issue  was  in  agreement  with  this  deci¬ 
sion. 

As  discussed  in  both  the  preamble  to 
the  proposed  standards  and  volumes  I 
and  II  of  the  SSEIS.  petroleum  refin¬ 
ery  Claus  sulfur  recovery  plants  are 
sources  of  SOi  emissions,  not  reduced 
sulfur  compound  emissions.  One  of 
the  emission  control  technologies  for 
reducing  SOt  emissions,  however,  first 
converts  these  emissions  to  reduced 
sulfur  compounds  and  then  controls 
these  compounds.  Consequently,  this 
technology  may  discharge  residual 
emissions  of  reduced  sulfur  com¬ 
pounds  to  the  atmosphere. 

Currently,  there  are  about  30  refin¬ 
ery  Claus  sulfur  recovery  plants  in  the 
United  States  which  have  installed  re¬ 
duction  emission  control  systems  to 
reduce  SO>  emissions.  A  review  of 
these  plants  indicates  that  these  emis¬ 
sion  control  systems  are  well  designed 
and  well  maintained  and  operated. 


Emissions  of  reduced  sulfur  com- 
povuids  are  less  than  0.050  percent 
(i.e.,  500  ppm),  which  is  only  slightly 
higher  than  the  numerical  emission 
limit  included  in  the  promulgated 
standard.  Thus,  there  is  little  to  gain 
at  this  time  by  requiring  States  to  de¬ 
velop  regulations  limiting  emissions 
from  these  sources.  Consequently,  sec¬ 
tion  111(d)  will  not  be  implemented 
until  resources  permit,  taking  into 
consideration  other  requirements  of 
the  Clean  Air  Act.  as  amended,  which 
EIPA  must  implement. 

Several  commenters  were  concerned 
that  Reference  Method  15  might  not 
be  practical  for  use  in  a  refinery  envi¬ 
ronment.  The  basis  for  most  of  these 
objections  was  that  the  commenters 
thought  this  method  was  being  pro¬ 
posed  as  a  continuous  monitoring 
method.  However,  Reference  Method 
15  was  not  proposed  for  use  as  a  con¬ 
tinuous  monitoring  method.  Perfor¬ 
mance  specifications  for  continuous 
monitors  for  reduced  sulfur  com¬ 
pounds  have  not  been  developed  and 
therefore  such  monitors  are  not  re¬ 
quired  to  be  installed  until  perfor¬ 
mance  specifications  for  these  moni¬ 
tors  are  proposed  and  promulgated 
under  Appendix  B  of  40  CFR  Part  60. 

Reference  Method  15  has  been  re¬ 
vised  to  allow  greater  flexibility  in  op¬ 
erating  details  and  equipment  choice. 
The  user  is  now  permitted  to  design 
his  own  sampling  and  analysis  system 
as  long  as  he  preserves  the  operating 
principle  of  gas  chromatography  with 
flame  photometric  detection  and 
meets  the  design  and  performance  cri¬ 
teria. 

Miscellaneous 

The  effective  date  of  this  regulation 
is  March  15,  1978.  Section  llKbKlKB) 
of  the  Clean  Air  Act  provides  that 
standards  of  performance  or  revisions 
of  them  become  effective  upon  pro¬ 
mulgation  and  apply  to  affected  facili¬ 
ties,  construction  or  modification  of 
which  was  commenced  after  the  date 
of  proposal  (October  4, 1976). 

Economic  Impact  Assessment:  An  econom¬ 
ic  assessment  has  been  prepared  as  required 
under  section  317  of  the  Act.  This  also  satis¬ 
fies  the  requirements  of  Executive  Orders 
11821  and  11949  and  OMB  Circular  A-107. 

Dated;  March  1. 1978. 

Douglas  M.  Costle. 

Administrator. 

1.  Section  60.100  is  amended  as  fol¬ 
lows: 

§  60.100  Applicability  and  designation  of 
affected  facility. 

(a)  The  provisions  of  this  subpart 
are  applicable  to  the  following  affect¬ 
ed  facilities  in  petroleum  refineries: 
fluid  catalytic  cracking  unit  catalyst 
regenerators,  fuel  gas  combustion  de¬ 
vices.  and  all  Claus  sulfur  recovery 
plants  except  Claus  plants  of  20  long 


tons  per  day  (LTD)  or  less  associated 
with  a  small  petroleum  refinery.  The 
Claus  sulfur  recovery  plant  need  not 
be  physically  located  within  the 
boundaries  of  a  petroleum  refinery  to 
be  an  affected  facility,  provided  it  pro¬ 
cesses  gases  produced  within  a  petro¬ 
leum  refinery. 

(b)  Any  fluid  catalytic  cracking  unit 
catalyst  regenerator  of  fuel  gas  com¬ 
bustion  device  under  paragraph  (a)  of 
this  section  which  commences  con¬ 
struction  or  modification  after  June 
11,  1973,  or  any  Claus  sulfur  recovery 
plant  under  paragraph  (a)  of  this  sec¬ 
tion  which  commences  construction  or 
modification  after  October  4,  1976,  is 
subject  to  the  requirements  of  this 
part. 

(Secs.  Ill  and  301(a),  CHean  Air  Act,  as 
amended  (42  U.S.C.  7411,  7601  (a)),  and  ad¬ 
ditional  authority  as  noted  below.) 

2.  Section  60.101  is  amended  as  fol¬ 
lows: 

§  60.101  Definitions. 

*  •  A  G  G 

(i)  “Claus  sulfur  recovery  plant” 
means  a  process  unit  which  recovers 
sulfur  from  hydrogen  sulfide  by  a 
vapor-phase  catalytic  reaction  of 
sulfur  dioxide  and  hydrogen  sulfide. 

(j)  “Oxidation  control  system” 
means  an  emission  control  system 
which  reduces  emissions  from  sulfur 
recovery  plants  by  converting  these 
emissions  to  sulfur  dioxide. 

(k)  “Reduction  control  system” 
means  an  emission  control  system 
which  reduces  emissions  from  sulfur 
recovery  plants  by  converting  these 
emissions  to  hydrogen  sulfide. 

(l)  “Reduced  sulfur  compounds” 
mean  hydrogen  sulfide  (HiS),  carbonyl 
sulfide  (CX)S)  and  carbon  disulfide 
(CS,). 

(m)  “Small  petroleum  refinery” 
means  a  petroleum  refinery  which  has 
a  crude  oil  processing  capacity  of 
50,000  barrels  per  stream  day  or  less, 
and  which  is  owned  or  controlled  by  a 
refinery  with  a  total  combined  crude 
oil  processing  capacity  of  137,500  bar¬ 
rels  per  stream  day  or  less. 

3.  Section  60.102  is  amended  by  re¬ 
vising  paragraph  (a)  introductory  text 
and  paragraph  (b)  as  follows: 

§  60.102  Standard  for  particulate  matter. 

(a)  On  and  after  the  date  on  which 
the  performance  test  required  to  be 
conducted  by  §60.8  is  completed,  no 
owner  or  operator  subject  to  the  provi¬ 
sions  of  this  subpart  shall  discharge  or 
cause  the  discharge  into  the  atmos¬ 
phere  from  any  fluid  catalytic  crack¬ 
ing  unit  catalyst  regenerator: 

(!)••• 

(2)*  •  • 

(b)  Where  the  gases  discharged  by 
the  fluid  catalytic  cracking  unit  cata¬ 
lyst  regenerator  pass  through  an  in- 
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cinerator  or  waste  heat  boiler  in  which 
auxiliary  or  supplemental  liquid  or 
sold  fossil  fuel  is  burned,  particulate 
matter  in  excess  of  that  permitted  by 
paragraph  (a)(1)  of  this  section  may 
be  emitted  to  the  atmosphere,  except 
that  the  incremental  rate  of  particu¬ 
late  matter  emissions  shall  not  exceed 
43.0  g/MJ  (0.10  Ib/milllon  Btu)  of 
heat  input  attributable  to  such  liquid 
or  solid  fossil  fuel. 

4.  Section  60.104  is  amended  as  fol¬ 
lows: 

§  60.104  Standard  for  sulfur  dioxide. 

(a)  On  and  after  the  date  on  which 
the  performance  test  required  to  be 
conducted  by  §60.8  is  completed,  no 
owner  or  operator  subject  to  the  provi¬ 
sions  of  this  subpart  shall: 

(1)  Bum  in  any  fuel  gas  combustion 
device  any  fuel  gas  which  contains  hy¬ 
drogen  sulfide  in  excess  of  230  mg/ 
dscm  (0.10  gr/dscf),  except  that  the 
gases  resulting  from  the  combustion  of 
fuel  gas  may  be  treated  to  control 
sulfur  dioxide  emissions  provided  the 
owner  or  operator  demonstrates  to  the 
satisfaction  of  the  Administrator  that 
this  is  as  effective  in  preventing  sulfur 
dioxide  emissions  to  the  atmosphere 
as  restricting  the  Hi  concentration  in 
the  fuel  gas  to  230  mg/dscm  or  less. 
The  combustion  in  a  flare  of  process 
upset  gas,  or  fuel  gas  which  is  released 
to  the  flare  as  a  result  of  relief  valve 
leakage,  is  exempt  from  this  para¬ 
graph. 

(2)  Discharge  or  cause  the  discharge 
of  any  gases  into  the  atmosphere  from 
any  Claus  sulfur  recovery  plant  con¬ 
taining  in  excess  of: 

(1)  0.025  percent  by  volume  of  sulfur 
dioxide  at  zero  percent  oxygen  on  a 
dry  basis  if  emissions  are  controlled  by 
an  oxidation  control  system,  or  a  re¬ 
duction  control  system  followed  by  in¬ 
cineration,  or 

(ii)  0.030  percent  by  volume  of  re¬ 
duced  sulfur  compounds  and  0.0010 
percent  by  volume  of  hydrogen  sulfide 
calculated  sus  sulfur  dioxide  at  zero 
percent  oxygen  on  a  dry  basis  if  emis¬ 
sions  are  controlled  by  a  reduction 
control  system  not  followed  by  incin¬ 
eration. 

(b)  [Reserved] 

5.  Section  60.105  is  amended  as  fol¬ 
lows: 

§  60.105  Emission  monitoring. 

(a)  •  •  • 

(2)  An  instrument  for  continuously 
monitoring  and  recording  the  concen¬ 
tration  of  carbon  monoxide  in  gases 
discharged  into  the  atmosphere  from 
fluid  catalytic  cracking  unit  catalyst 
regenerators.  The  span  of  this  con¬ 
tinuous  monitoring  system  shall  be 
1,000  ppm. 

(3) *** 

(4)  An  instrument  for  continuously 
monitoring  and  recording  concentra¬ 
tions  of  hydrogen  sulfide  in  fuel  gases 


burned  in  any  fuel  gas  combustion 
device,  if  compliance  with 
§  60.104(a)(1)  is  achieved  by  removing 
HjS  from  the  fuel  gas  before  it  is 
burned;  fuel  gas  combustion  devices 
having  a  common  source  of  fuel  gas 
may  be  monitored  at  one  location,  if 
monitoring  at  this  location  accurately 
represents  the  concentration  of  H^S  in 
the  fuel  gas  burned.  The  span  of  this 
continuous  monitoring  system  shall  be 
300  ppm. 

(5)  An  instrument  for  continuously 
monitoring  and  recording  concentra¬ 
tions  of  SOa  in  the  gases  discharged 
into  the  atmosphere  from  any  Claus 
sulfur  recovery  plant  if  compliance 
with  §  60.104(a)(2)  is  achieved  through 
the  use  of  an  oxidation  control  system 
or  a  reduction  control  system  followed 
by  incineration.  The  span  of  this  con¬ 
tinuous  monitoring  system  shall  be 
sent  at  500  ppm. 

(6)  An  Instrument(s)  for  continuous¬ 
ly  monitoring  and  recording  the  con¬ 
centration  of  HaS  and  reduced  sulfur 
compounds  in  the  gases  discharged 
into  the  atmosphere  from  any  Claus 
sulfur  recovery  plant  if  compliance 
with  §  60.104(a)(2)  is  achieved  through 
the  use  of  a  reduction  control  system 
not  followed  by  incineration.  The 
span(s)  of  this  continuous  monitoring 
system(s)  shall  be  set  at  20  ppm  for 
monitoring  and  recording  the  concen¬ 
tration  of  HaS  and  600  ppm  for  moni¬ 
toring  and  recording  the  concentration 
of  reduced  sulfur  compounds. 

•  «  «  •  * 

(e)  •  •  • 

(!)••• 

(2)  Carbon  monoxide.  All  hourly  pe¬ 
riods  during  which  the  average  carbon 
monoxide  concentration  in  the  gases 
discharged  into  the  atmosphere  from 
any  fluid  catalytic  cracking  unit  cata¬ 
lyst  regenerator  subject  to  §60.103  ex¬ 
ceeds  0.050  percent  by  volume. 

(3)  Sulfur  dioxide,  (i)  Any  three- 
hour  period  during  which  the  average 
concentration  of  HaS  in  any  fuel  gas 
combusted  in  any  fuel  gas  combustion 
device  subject  to  §  60.104(a)(1)  exceeds 
230  mg/dscm  (0.10  gr/dscf),  if  compli¬ 
ance  is  achieved  by  removing  HaS  from 
the  fuel  gas  before  it  is  burned;  or  any 
three-hour  period  during  which  the 
average  concentration  of  SOa  in  the 
gases  discharged  into  the  atmosphere 
from  any  fuel  gas  combustion  device 
subject  to  §  60.104(a)(1)  exceeds  the 
level  specified  in  §  60.104(a)(1),  if  com¬ 
pliance  is  achieved  by  removing  SOa 
from  the  combusted  fuel  gases. 

(ii)  Any  twelve-hour  period  during 
which  the  average  concentration  of 
SOa  in  the  gases  discharged  into  the 
atmosphere  from' any  Claus  sulfur  re¬ 
covery  plant  subject  to  §  60.104(a)(2) 
exceeds  250  ppm  at  zero  percent 
oxygen  on  a  dry  basis  if  compliance 
with  §  60.104(b)  is  achieved  through 
the  use  of  an  oxidation  control  system 


or  a  reduction  control  system  followed 
by  incineration;  or  any  twelve-hour 
period  during  which  the  average  con¬ 
centration  of  HaS,  or  reduced  sulfur 
compounds  in  the  gases  discharged 
into  the  atmosphere  of  any  Claus 
sulfur  plant  subject  to  §  60.104(a)(2) 
(b)  exceeds  10  ppm  or  300  ppm,  respec¬ 
tively,  at  zero  percent  oxygen  and  on  a 
dry  basis  if  compliance  is  achieved 
through  the  use  of  a  reduction  control 
system  not  followed  by  incineration. 

6.  Section  60.106  is  amended  as  fol¬ 
lows: 

§  60.106  Test  methods  and  procedures. 

#  •  *  «  • 

(c)  For  the  purpose  of  determining 
compliance  with  §  60.104(a)(1), 
Method  11  shall  be  used  to  determine 
the  concentration  of  HaS  and  Method 
6  shall  be  used  to  determine  the  con¬ 
centration  of  SOa. 

(1)  If  Method  11  is  used,  the  gases 
sampled  shall  be  introduced  into  the 
sampling  train  at  approximately  atmo¬ 
spheric  pressure.  Where  refinery  fuel 
gas  lines  are  operating  at  pressures 
substantially  above  atmosphere,  this 
may  be  accomplished  with  a  flow  con¬ 
trol  valve.  If  the  line  pressure  is  high 
enough  to  operate  the  sampling  train 
without  a  vacuum  pump,  the  pump 
may  be  eliminated  from  the  sampling 
train.  The  sample  shall  be  drawn  from 
a  point  near  the  centroid  of  the  fuel 
gas  line.  The  minimum  sampling  time 
shall  be  10  minutes  and  the  minimum 
sampling  volume  0.01  dscm  (0.35  dscf) 
for  each  sample.  The  arithmetic  aver¬ 
age  of  two  samples  of  equal  sampling 
time  shall  constitute  one  run.  Samples 
shall  be  taken  at  approximately  1- 
hour  intervals.  For  most  fuel  gases, 
sample  times  exceeding  20  minutes 
may  result  in  depletion  of  the  collect¬ 
ing  solution,  although  fuel  gases  con¬ 
taining  low  concentrations  of  hydro¬ 
gen  sulfide  may  necessitate  sampling 
for  longer  periods  of  time. 

(2)  If  Method  6  is  used.  Method  1 
shall  be  used  for  velocity  traverses  and 
Method  2  for  determining  velocity  and 
volumetric  flow  rate.  The  sampling 
site  for  determining  SO2  concentration 
by  Method  6  shall  be  the  same  as  for 
determining  volumetric  flow  rate  by 
Method  2.  The  sampling  point  in  the 
duct  for  determining  SOa  concentra¬ 
tion  by  Method  6  shall  be  at  the  cen¬ 
troid  of  the  cross  section  if  the  cross 
sectional  area  is  less  than  5  m*(54  ft^ 
or  at  a  point  no  closer  to  the  walls 
than  1  m  (39  inches)  if  the  cross  sec¬ 
tional  area  is  5  m*  or  more  and  the 
centroid  is  more  than  one  meter  from 
the  wall.  The  sample  shall  be  extract¬ 
ed  at  a  rate  proportional  to  the  gas  ve¬ 
locity  at  the  sampling  point.  The  mini¬ 
mum  sampling  time  shall  be  10  min¬ 
utes  and  the  minimum  sampling 
volume  0.01  dscm  (0.35  dscf)  for  each 
sample.  The  arithmetic  average  of  two 


FEDERAL  REGISTER,  VOL.  43,  NO.  51— WEDNESDAY,  MARCH  15,  1978 


10870 


RULES  AND  REGULATIONS 


samples  of  equal  sampling  time  shall 
constitute  one  run.  Samples  shall  be 
taken  at  approximately  1-hour  inter¬ 
vals. 

(d)  For  the  purpose  of  determining 
compliance  with  §  60.104(a)(2), 
Method  6  shall  be  used  to  determine 
the  concentration  of  SOj  and  Method 
15  shall  be  used  to  determine  the  con¬ 
centration  of  H,S  and  reduced  sulfur 
compounds. 

(1)  If  Method  6  is  used,  the  proce¬ 
dure  outlined  in  paragraph  (c)(2)  of 
this  section  shall  be  followed  except 
that  each  run  shall  span  a  minimum 
of  four  consecutive  hours  of  continu¬ 
ous  sampling.  A  number  of  separate 
samples  may  be  taken  for  each  run. 
provided  the  total  sampling  time  of 
these  samples  adds  up  to  a  minimum 
of  four  consecutive  hours.  Where  more 
than  one  sample  is  used,  the  average 
SO,  concentration  for  the  run  shall  be 
calculated  as  the  time  weighted  aver¬ 
age  of  the  SO,  concentration  for  each 
sample  according  to  the  formula: 

rK=x;  a,  ^ 

i=i 


Where: 

C«=SO,  concentration  for  the  run. 
)V=Number  of  samples. 

Csi  =SO,  concentration  for  sample  i 
tsi= Continuous  sampling  time  of  sample  t 
7*=  Total  continuous  sampling  time  of  all 
S  samples. 

(2)  If  Method  15  is  used,  each  run 
shall  consist  of  16  samples  taken  over 
a  minimum  of  three  hours.  The  sam¬ 
pling  point  shall  be  at  the  centroid  of 
the  cross  section  of  the  duct  if  the 
cross  sectional  area  is  less  than  5  m^ 
(54  ft^  or  at  a  point  no  closer  to  the 
walls  than  1  m  (39  inches)  if  the  cross 
sectional  area  is  5  m*  or  more  and  the 
centroid  is  more  than  1  meter  from 
the  wall.  To  insure  minimum  residence 
time  for  the  sample  inside  the  sample 
lines,  the  sampling  rate  shall  be  at 
least  3  liters/minute  (0.1  ftVmin).  The 
SO,  equivalent  for  each  run  shall  be 
calculated  as  the  arithmetic  average  of 
the  SO,  equivalent  of  each  sample 
during  the  run.  Reference  Method  4 
shall  be  used  to  determine  the  mois¬ 
ture  content  of  the  gases.  The  sam¬ 
pling  point  for  Method  4  shall  be  adja¬ 
cent  to  the  sampling  point  for  Method 
15.  The  sample  shall  be  extracted  at  a 
rate  proportional  to  the  gas  velocity  at 
the  sampling  point.  Each  rvm  shall 
span  a  minimum  of  four  consecutive 
hours  of  continuous  sampling.  A 
number  of  separate  samples  may  be 
taken  for  each  run  provided  the  total 
sampling  time  of  these  samples  adds 
up  to  a  minimum  of  four  consecutive 
hours.  Where  more  than  one  sample  is 
used,  the  average  moisture  content  for 
the  run  shall  be  calculated  as  the  time 
weighted  average  of  the  moisture  con¬ 
tent  of  each  sample  according  to  the 
formula: 


Bu<,= Proportion  by  volume  of  water  vapor 
in  the  gas  stream  for  the  run. 

7i(=Number  of  samples. 

A(= Proportion  by  volume  of  water  vapor 
in  the  gas  stream  for  the  sample  1 

(;«= Continuous  sampling  time  for  sample 
i 

Total  continuous  sampling  time  of  all 
N  samples. 

(Sec.  114  of  the  Clean  Air  Act.  as  amended 
[42  U.S.C.  74141). 

•  *  *  •  • 

Appendix  A— Reference  Methods 

7.  Appendix  A  is  amended  by  adding 
a  new  reference  method  as  follows: 

Method  15.  Determination  of  Hydrogen 

Sulfide.  Carbonyl  Sulfide,  and  Carbon 

Disulfide  Emissions  From  Stationary 

Sources 

introduction 

The  method  described  below  uses  the 
principle  of  gas  chromatographic  separation 
and  flame  photometric  detection  (FPD). 
Since  there  are  many  systems  or  sets  of  op¬ 
erating  conditions  that  represent  usable 
methods  of  determining  sulfur  emissions,  all 
systems  which  employ  this  principle,  but 
differ  only  in  details  of  equipment  and  oper¬ 
ation.  may  be  used  as  alternative  methods, 
provided  that  the  criteria  set  below  are  met. 

1.  Principle  and  applicability 

1.1  Principle.  A  gas  sample  is  extracted 
from  the  emission  source  and  diluted  with 
clean  dry  air.  \n  aliquot  of  the  diluted 
sample  is  then  analyzed  for  hydrogen  sul¬ 
fide  (HtS),  carbonyl  sulfide  (COS),  and 
carbon  disulfide  (CS,)  by  gas  chromatogra¬ 
phic  (GC)  separation  and  flame  photomet¬ 
ric  detection  (FPD). 

1.2  Applicability.  This  method  is  applica¬ 
ble  for  determination  of  the  above  sulfur 
compounds  from  tail  gas  control  units  of 
sulfur  recovery  plants. 

2.  Range  and  sensitivity 

2.1  Range.  Coupled  with  a  gas  chromto- 
graphic  system  utilizing  a  1 -milliliter  sampie 
size,  the  maximum  limit  of  the  FPD  for 
each  sulfur  compound  is  approximately  10 
ppm.  It  may  be  necessary  to  dilute  gas  sam¬ 
ples  from  sulfur  recovery  plants  hundred¬ 
fold  (99:1)  resulting  in  an  upper  limit  of 
about  1000  ppm  for  each  compound. 

2.2  The  minimum  detectable  concentra¬ 
tion  of  the  FPD  is  also  dependent  on  sample 
size  and  would  be  about  0.5  ppm  for  a  1  ml 
sample. 

3.  Interferences 

3.1  Moisture  Condensation.  Moisture  con¬ 
densation  in  the  sample  delivery  system,  the 
analytical  column,  or  the  FPD  burner  block 
can  cause  losses  or  interferences.  This  po¬ 
tential  is  eliminated  by  heating  the  sample 
line,  and  by  conditioning  the  sample  with 
dry  dilution  air  to  lower  its  dew  point  below 
the  operating  temperature  of  the  GC/FPD 
analytical  system  prior  to  analysis. 

3.2  Carbon  Monoxide  and  Carbon  Dioxide. 
CO  and  CO,  have  substantial  desensitizing 


effect*  on  the  flame  photometric  detector 
even  after  9:1  dilution.  (Acceptable  systems 
must  demonstrate  that  they  have  eliminat¬ 
ed  this  interference  by  some  procedure  such 
as  eluding  CO  and  CO,  before  any  of  the 
sulfur  compounds  to  be  measured.)  Compli¬ 
ance  with  this  requirement  can  be  demon¬ 
strated  by  submitting  chromatograms  of 
calibration  gases  with  and  without  CO,  in 
the  diluent  gas.  The  CO,  level  should  be  ap¬ 
proximately  10  percent  for  the  case  with 
CO,  present.  The  two  chromatographs 
should  show  agreement  within  the  precision 
limits  of  section  4.1. 

3.3  Elemental  Sulfur.  The  condensation  of 
sulfur  vapor  in  the  sampling  line  can  lead  to 
eventual  coating  and  even  blockage  of  the 
sample  line.  This  problem  can  be  eliminated 
along  with  the  moisture  problem  by  heating 
the  sample  line. 

4.  Precision 

4.1  Calibration  Precision.  A  series  of  three 
consecutive  injections  of  the  same  calibra¬ 
tion  gas.  at  any  dilution,  shall  produce  re¬ 
sults  which  do  not  vary  by  more  than  ±13 
percent  from  the  mean  of  the  three  injec¬ 
tions. 

4.2  Calibration  Drift.  The  calibration  drift 
determined  from  the  mean  of  three  injec¬ 
tions  made  at  the  beginning  and  end  of  any 
8-hour  period  shall  not  exceed  ±5  percent. 

5.  Apparatus 

5.1.1  Probe.  The  probe  must  be  made  of 
inert  material  such  as  stainless  steel  or 
glass.  It  should  be  designed  to  incorporate  a 
filter  and  to  allow  calibration  gas  to  enter 
the  probe  at  or  near  the  sample  entry  point. 
Any  portion  of  the  probe  not  exposed  to  the 
stack  gas  must  be  heated  to  prevent  mois¬ 
ture  condensation. 

5.1.2  The  sample  line  must  be  made  of 
Teflon,'  no  greater  than  1.3  cm  (V4  in)  inside 
diameter.  All  parts  from  the  probe  to  the  di¬ 
lution  system  must  be  thermostatically 
heated  to  120*  C. 

5.1.3  Sample  Pump.  The  sample  pump 
shall  be  a  leakless  Teflon  coated  diaphragm 
type  or  equivalent.  If  the  pump  is  upstream 
of  the  dilution  system,  the  pump  head  must 
be  heated  to  120’  C. 

5.2  Dilution  System.  The  dilution  system 
must  be  constructed  such  that  all  sample 
contacts  are  made  of  inert  material  (e.g. 
stainless  steel  or  Teflon).  It  must  be  heated 
to  120°  C  and  be  capable  of  approximately  a 
9:1  dilution  of  the  sample. 

5.3  Gas  Chromatograph.  The  gas  chroma¬ 
tograph  must  have  at  least  the  following 
components: 

5.3.1  Oven.  Capable  of  maintaining  the 
separation  column  at  the  proper  operating 
temperature  ±1*  C. 

5.3.2  Temperature  Gauge.  To  monitor 
column  oven,  detector,  and  exhaust  tem¬ 
perature  ±1*  C. 

5.3.3  Flow  System.  Gas  metering  system  to 
measure  sample,  fuel,  combustion  gas,  and 
carrier  gas  flows. 

5.3.4  Flame  Photometric  Detector. 

5.3.4. 1  Electrometer.  Capable  of  full  scale 
amplification  of  linear  ranges  of  10~*to  10*  * 
amperes  full  scale. 

5.3.4.2  Power  Supply.  Capable  of  deliver¬ 
ing  up  to  750  volts. 

5.3.4.3  Recorder.  Compatible  with  the 
output  voltage  range  of  the  electrometer. 


'Mention  of  trade  names  or  specific  prod¬ 
ucts  does  not  constitute  an  endorsement  by 
the  Environmental  Protection  Agency. 
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5.4  Gas  Chromatograph  Columns.  The 
column  system  must  be  demonstrated  to  be 
capable  of  resolving  three  major  reduced 
sulfiu*  compounds:  H«S,  COS,  and  CSi. 

To  demonstrate  that  adequate  resolution 
has  been  achieved  the  tester  must  submit  a 
chromatograph  of  a  calibration  gas  contain¬ 
ing  all  three  reduced  sulfur  compounds  in 
the  concentration  range  of  the  applicable 
standard.  Adequate  resolution  will  be  de¬ 
fined  as  base  line  separation  of  adjacent 
peaks  when  the  amplifier  attenuation  is  set 
so  that  the  smaller  peak  is  at  least  50  per¬ 
cent  of  full  scale.  Base  line  separation  is  de¬ 
fined  as  a  return  to  zero  ±5  percent  in  the 
interval  between  peaks.  Systems  not  meet¬ 
ing  this  criteria  may  be  considered  alternate 
methods  subject  to  the  approval  of  the  Ad¬ 
ministrator. 

5.5.1  Calibration  System.  The  calibration 
system  must  contain  the  following  compo¬ 
nents. 

5.5.2  Flow  System.  To  measure  air  flow 
over  permeation  tubes  at  ±2  percent.  Each 
flowmeter  shall  be  calibrated  after  a  com¬ 
plete  test  series  with  a  wet  test  meter.  If  the 
flow  measuring  device  differs  from  the  wet 
test  meter  by  5  percent,  the  completed  test 
shall  be  discarded.  Alternatively,  the  tester 
may  elect  to  use  the  flow  data  that  would 
yield  the  lowest  flow  measurement.  Calibra¬ 
tion  with  a  wet  test  meter  before  a  test  is 
optional. 

5.5.3  Constant  Temperature  Bath.  Device 
capable  of  maintaining  the  permeation 
tubes  at  the  calibration  temperature  within 
±1.1*  C, 

5.5.4  Temperature  Gauge.  Thermometer 
or  equivalent  to  monitor  bath  temperature 
within  ±1*  C. 

6.  Reagents 

6.1  Fuel.  Hydrogen  (H»)  prepurified  grade 
or  better. 

6.2  Combustion  Gas.  Oxygen  (Oi)  or  air, 
research  purity  or  better. 

6.3  Carrier  Gas.  Prepurified  grade  (ht 
better. 

6.4  Diluent.  Air  containing  less  than  0.5 
ppm  total  sulfur  compounds  and  less  than 
10  ppm  each  of  moisture  and  total  hydro¬ 
carbons. 

6.5  Calibration  Gases.  Permeation  tubes, 
one  each  of  HiS,  COS,  and  CSt,  gravimetri- 
cally  calibrated  and  certified  at  some  conve¬ 
nient  operating  temperature.  These  tubes 
consist  of  hermetically  sealed  FEP  Teflon 
tubing  in  which  a  liquified  gaseous  sub¬ 
stance  is  enclosed.  The  enclosed  gas  perme¬ 
ates  through  the  tubing  wall  at  a  constant 
rate.  When  the  temperature  is  constant, 
calibration  gases  covering  a  wide  range  of 
known  concentrations  can  be  generated  by 
varying  and  accurately  measuring  the  flow 
rate  of  diluent  gas  passing  over  the  tubes. 
These  calibration  gases  are  used  to  calibrate 
the  GC/PPD  system  and  the  dilution 
system. 

7.  Pretest  Procedures 

The  following  procedures  are  optional  but 
would  be  helpful  in  preventing  any  problem 
which  might  occur  later  and  invalidate  the 
entire  test. 

7.1  After  the  complete  measurement 
system  has  been  set  up  at  the  site  and 
deemed  to  be  operational,  the  following  pro¬ 
cedures  should  be  completed  before  sam¬ 
pling  is  initiated. 

7.1.1  Leak  Test.  Appropriate  leak  test  pro¬ 
cedures  should  be  employed  to  verify  the  in¬ 
tegrity  of  all  components,  sample  lines,  and 
connections.  The  following  leak  test  proce- 
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dure  is  suggested:  For  components  upstream 
of  the  sample  pump,  attach  the  probe  end 
of  the  sample  line  to  a  manometer  or 
vacuum  gauge,  start  the  pump  and  pull 
greater  than  50  mm  (2  in.)  Hg  vacuum,  close 
off  the  pump  outlet,  and  then  stop  the 
pump  and  ascertain  that  there  is  no  leak  for 
1  minute.  For  components  after  the  pump, 
apply  a  slight  positive  pressure  and  check 
for  leaks  by  applying  a  liquid  (detergent  in 
water,  for  example)  at  each  Joint.  Bubbling 
indicates  the  presence  of  a  leak. 

7.1.2  System  Performance.  Since  the  com¬ 
plete  system  is  calibrated  following  each 
test,  the  precise  calibration  of  each  compo¬ 
nent  is  not  critical.  However,  these  compo¬ 
nents  should  be  verified  to  be  operating 
properly.  This  verification  can  be  performed 
by  observing  the  response  of  flowmeters  or 
of  the  GC  output  to  changes  in  flow  rates  or 
calibration  gas  concentrations  and  ascer¬ 
taining  the  response  to  be  within  predicted 
limits.  If  any  component  or  the  complete 
system  fails  to  respond  in  a  normal  and  pre¬ 
dictable  manner,  the  source  of  the  discrep¬ 
ancy  should  be  identifed  and  corrected 
before  proceeding. 

8.  Calibration 

Prior  to  any  sampling  run,  calibrate  the 
system  using  the  following  procedures.  (If 
more  than  one  nm  is  performed  during  any 
24-hour  period,  a  calibration  need  not  be 
performed  prior  to  the  second  and  any  sub¬ 
sequent  nuis.  The  calibration  must,  howev¬ 
er,  be  verified  as  prescribed  in  section  10, 
after  the  last  run  made  within  the  24-hour 
period.) 

8.1  General  Considerations.  This  section 
outlines  steps  to  be  followed  for  use  of  the 
GC/PPD  and  the  dilution  system.  The  pro¬ 
cedure  does  not  include  detailed  instruc¬ 
tions  because  the  operation  of  these  systems 
is  complex,  and  it  requires  an  understanding 
of  the  individual  system  being  used.  Each 
system  should  include  a  written  operating 
manual  describing  in  detail  the  operating 
procedures  associated  with  each  component 
in  the  measurement  system.  In  addition,  the 
operator  shuld  be  familiar  with  the  operat¬ 
ing  principles  of  the  components;  particular¬ 
ly  the  GC/FPD.  The  citations  in  the  Bib¬ 
liography  at  the  end  of  this  method  are  rec¬ 
ommended  for  review  for  this  purpose. 

8.2  Calibration  Procedure.  Insert  the  per¬ 
meation  tubes  into  the  tube  chamber.  Check 
the  bath  temperature  to  assure  agreement 
with  the  calibration  temperature  of  the 
tubes  within  ±0.1'C.  Allow  24  hours  for  the 
tubes  to  equilibrate.  Alternatively  equilibra¬ 
tion  may  be  verified  by  injecting  samples  of 
calibration  gas  at  1-hour  intervals.  The  per¬ 
meation  tubes  can  be  assumed  to  have 
reached  equilibrium  when  consecutive 
hourly  samples  agree  within  the  precision 
limits  of  section  4.1. 

Vary  the  amount  of  air  flowing  over  the 
tubes  to  produce  the  desired  concentrations 
for  calibrating  the  analytical  and  dilution 
systems.  The  air  flow  across  the  tubes  must 
at  all  times  exceed  the  flow  requirement  of 
the  analytical  systems.  The  concentration  in 
parts  per  million  generated  by  a  bube  con¬ 
taining  a  specific  permeant  can  be  calculat¬ 
ed  as  follows: 

C=KxPr/ML 

Equation  15-1 

where: 

C= Concentration  of  permeant  produced 
in  ppm. 

P,= Permeation  rate  of  the  tube  in  fig/ 
min. 
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Molecular  weight  of  the  permeant:  g/ 
g-mole. 

L=Flow  rate,  1/min,  of  air  over  permeant 
@  20°C.  760  mm  Hg. 

K=Gas  constant  at  20’C  and  760  mm 
Hg« 24.04  1/g  mole. 

8.3  Calibration  of  analysis  system.  Gener¬ 
ate  a  series  of  three  or  more  known  concen¬ 
trations  spanning  the  linear  range  of  the 
FPD  (approximately  0.05  to  1.0  ppm)  for 
each  of  the  four  major  sulfur  compounds. 
Bypassing  the  dilution  system,  inject  these 
standards  in  to  the  GC/FPD  analyzers  and 
monitor  the  responses.  Three  injects  for 
each  concentration  must  yield  the  precision 
described  in  section  4.1.  Failiu-e  to  attain 
this  precision  is  an  indication  of  a  problem 
in  the  calibration  or  analytical  system.  Any 
such  problem  must  be  identified  and  cor¬ 
rected  before  proceeding. 

8.4  Calibration  (hirves.  Plot  the  GC/FPD 
response  in  current  (amperes)  versus  their 
causative  concentrations  in  ppm  on  log-log 
coordinate  graph  paper  for  each  sulfur  com¬ 
pound.  Alternatively,  a  least  squares  equa¬ 
tion  may  be  generated  from  the  calibration 
data. 

8.5  Calibration  of  Dilution  System.  Gener¬ 
ate  a  know  concentration  of  hydrogen  sul- 
fied  using  the  permeation  tube  system. 
Adjust  the  flow  rate  of  diluent  air  for  the 
first  dilution  stage  so  that  the  desired  level 
of  dilution  is  approximated.  Inject  the  dilut¬ 
ed  calibration  gas  into  the  GC/FPD  system 
and  monitor  its  response.  Three  injections 
for  each  dilution  must  yield  the  precision 
described  in  section  4.1.  Failure  to  attain 
this  precision  in  this  step  is  an  indication  of 
a  problem  in  the  dilution  system.  Any  such 
problem  miist  be  identified  and  corrected 
before  proceeding.  Using  the  calibration 
data  for  HiS  (developed  imder  8.3)  deter¬ 
mine  the  diluted  calibration  gas  concentra¬ 
tion  in  ppm.  Then  calculate  the  dilution 
factor  as  the  ratio  of  the  calibration  gas 
concentration  before  dilution  to  the  diluted 
calibration  gas  concentration  determined 
imder  this  paragraph.  Repeat  this  proce¬ 
dure  for  each  stage  of  dilution  required.  Al¬ 
ternatively,  the  GC/FPD  system  may  be 
calibrated  by  generating  a  series  of  three  or 
more  concentrations  of  each  sulfur  com¬ 
pound  and  diluting  these  samples  before  in¬ 
jecting  them  into  the  GC/FPD  system.  This 
data  will  then  serve  as  the  calibration  data 
for  the  unknown  samples  and  a  separate  de¬ 
termination  of  the  dilution  factor  will  not 
be  necessary.  However,  the  precision  re¬ 
quirements  of  section  4.1  are  still  applicable. 

9.  Sampling  and  Analysis  Procedure 

9.1  Sampling.  Insert  the  sampling  probe 
into  the  test  port  making  certain  that  no  di¬ 
lution  air  enters  the  stack  through  the  port. 
Begin  sampling  and  dilute  the  sample  ap¬ 
proximately  9:1  using  the  dilution  system. 
Note  that  the  precise  dilution  factor  is  that 
which  is  determined  in  paragraph  8.5.  Con¬ 
dition  the  entire  system  with  sample  for  a 
minimum  of  15  minutes  prior  to  commenc¬ 
ing  analysis. 

9.2  Analysis.  Aliquots  of  diluted  sample 
are  injected  into  the  GC/FPD  analyzer  for 
analysis. 

9.2.1  Sample 'Run.  A  sample  run  is  com- 
pased  of  16  individual  analyses  (injects)  per¬ 
formed  over  a  period  of  not  less  than  3 
hours  or  more  than  6  hours. 

9.2.2  Observation  for  (^logging  of  Probe.  If 
reductions  in  sample  concentrations  are  ob¬ 
served  during  a  sample  run  that  cannot  be 
explained  by  process  conditions,  the  sam¬ 
pling  must  be  interrupted  to  determine  if 


FEDERAL  REGISTER,  VOL  43,  NO.  51— WEDNESDAY,  MARCH  15,  1978 


10872 


RULES  AND  REGULATIONS 


the  sample  probe  is  clogged  with  particulate 
matter.  If  the  probe  is  found  to  be  clogged, 
the  test  must  be  stopped  and  the  results  up 
to  that  point  discarded.  Testing  may  resume 
after  cleaning  the  probe  or  replacing  it  with 
a  clean  one.  After  each  run,  the  sample 
probe  must  be  inspected  and,  if  necessary, 
dismantled  and  cleaned. 

10.  Post-Test  Procedures 

10.1  Sample  Line  Loss.  A  known  concen¬ 
tration  of  hydrogen  sulfide  at  the  levei  of 
the  applicable  standard,  ±20  percent,  must 
be  introduced  into  the  sampling  system  at 
the  opening  of  the  probe  in  sufficient  quan¬ 
tities  to  ensure  that  there  is  an  excess  of 
sample  which  must  be  vented  to  the  atmo¬ 
sphere.  The  sample  must  be  transported 
through  the  entire  sampling  system  to  the 
measurement  ssrstem  in  the  normal  manner. 
The  resulting  measured  concentration 
should  be  compared  to  the  known  value  to 
determine  the  sampling  system  loss.  A  sam¬ 
pling  system  loss  of  more  than  20  percent  is 
unacceptable.  Sampling  losses  of  0-20  per¬ 
cent  must  be  corrected  by  dividing  the  re¬ 
sulting  sample  concentration  by  the  frac¬ 
tion  of  recovery.  The  known  gas  sample  may 
be  generated  using  permeation  tubes.  Alter¬ 
natively,  cylinders  of  hydrogen  sulfide 
mixed  in  air  may  be  used  provided  they  are 
traceable  to  permeation  tubes.  The  optional 
pretest  procedures  provide  a  good  guideline 
for  determining  if  there  are  leaks  in  the 
sampling  system. 

10.2  Recalibration.  After  each  nm,  or 
after  a  series  of  runs  made  within  a  24-hour 
period,  perform  a  partial  recalibration  using 
the  procedures  in  section  8.  Only  H»S  (or 
other  permeant)  need  be  used  to  recalibrate 
the  GC/FPD  analysis  system  (8.3)  and  the 
dilution  system  (8.5). 

10.3  Determination  of  Calibration  Drift. 
Compare  the  calibration  curves  obtained 
prior  to  the  runs,  to  the  calibration  curves 
obtained  under  paragraph  10.1.  The  calibra¬ 
tion  drift  should  not  exceed  the  limits  set 
forth  in  paragraph  4.2.  If  the  drift  exceeds 
this  limit,  the  intervening  run  or  runs 
should  be  considered  not  valid.  The  tester, 
however,  may  instead  have  the  option  of 
choosing  the  calibration  data  set  which 
would  give  the  highest  sample  values. 

11.  Calculations 

11.1  Determine  the  concentrations  of  each 
reduced  sulfur  compound  detected  directly 
from  the  calibration  curves.  Alternatively, 
the  concentrations  may  be  calculated  using 
the  equation  for  the  least  squares  line. 

11.2  Calculation  of  SOi  Equivalent.  SOi 
equivalent  will  be  determined  for  each  anal¬ 
ysis  made  by  summing  the  concentrations  of 
each  reduced  sulfur  compound  resolved 
during  the  given  analysis. 

SO,  equivalent =£(H,S.  COS.  2  CS,)d 
Equation  15-2 

where: 

SO,  equivalent = The  sum  of  the  concen¬ 
tration  of  each  of  the  measured  com¬ 
pounds  (COS,  H,S,  CS,)  expressed  as 
sulfur  dioxide  in  ppm. 

H,S= Hydrogen  sulfide,  ppm. 

COS  Carbonyl  sulfide,  ppm. 

CSa= Carbon  disulfide,  ppm. 

d= Dilution  factor,  dimensionless. 

11.3  Average  SO,  equivalent  will  be  deter¬ 
mined  as  follows: 


N 

£  SOg  equiv.^ 

Average  SO,  equivalent  “  1  ■  1 

^  .  H  T1~'B551 — 

Equation  15-3 


where: 

Average  SO,  equivalent,  •Average  SO, 
equivalent  in  ppm,  dry  basis. 

Average  SO,  equivalents  SO,  in  ppm  as 
determined  by  Equation  15-2. 

Number  of  analyses  performed. 

Bwo= Fraction  of  volume  of  water  vapor 
in  the  gas  stream  as  determined  by 
Method  4— Determination  of  Moisture 
in  Stack  Oases  (36  FR  24887). 

12.  Example  System 

Described  below  is  a  system  utilized  by 
EPA  in  gathering  NSPS  data.  This  system 
does  not  now  reflect  all  the  latest  develop¬ 
ments  in  equipment  and  column  technology, 
but  it  does  represent  one  system  that  has 
been  demonstrated  to  work. 

12.1  Apparatus. 

12.1.1  Sample  System. 

12.1.1.1  Probe.  Stainless  steel  tubing,  6.35 
mm  (y4  in.)  outside  diameter,  packed  with 
glass  wool. 

12.1.1.2  Sample  Line.  Vi«  inch  inside  diam¬ 
eter  Teflon  tubing  heated  to  120*  C.  This 
temperature  is  controlled  by  a  thermostatic 
heater. 

12.1.1.3  Sample  Pump.  Leakless  Teflon 
coated  diaphragm  type  or  equivalent.  The 
pump  head  is  heated  to  120*  C  by  enclosing 
it  in  the  sample  dilution  box  (12.2.4  below). 

12.1.2  Dilution  System.  A  schematic  dia- 
.gram  of  the  dynamic  dilution  system  is 
given  in  Figure  15-2.  The  dilution  system  is 
constructed  such  that  all  sample  contacts 
are  made  of  inert  materials.  The  dilution 
system  which  is  heated  to  120*  C  must  be  ca¬ 
pable  of  a  minimum  of  0:1  dilution  of 
sample.  Equipment  used  in  the  dilution 
system  is  listed  below: 

12.1.2.1  Dilution  Pump.  Model  A-150  Koh- 
myhr  Teflon  positive  displacement  type, 
nonadjustable  150  cc/min.  ±2.0  percent,  or 
equivalent,  per  dilution  stage.  A  9:1  dilution 
of  sample  is  accomplished  by  combining  150 
cc  of  sample  with  1350  cc  of  clean  dry  air  as 
shown  in  Figure  15-2. 

12.1.2.2  Valves.  Three-way  Teflon  solenoid 
or  manual  type. 

12.1.2.3  Tubing.  Teflon  tubing  and  fittings 
are  used  throughout  from  the  sample  probe 
to  the  CJC/FPD  to  present  an  inert  surface 
for  sample  gas. 

12.1.2.4  Box.  Insulated  box,  heated  and 
maintained  at  120*  C.  of  sufficient  dimen¬ 
sions  to  house  dilution  apparatus. 

12.1.2.5  Flowmeters.  Rotameters  or  equiv¬ 
alent  to  measure  flow  from  0  to  1500  ml/ 
min.  ±  1  percent  per  dilution  stage. 

12.1.3.0  Gas  Chromatograph. 

12.1.3.1  Column— 1.83  m  (6  ft.)  length  of 
Teflon  tubing,  2.16  mm  (0.085  in.)  inside  di¬ 
ameter,  packed  with  deactivated  silica  gel, 
or  equivalent. 

12.1.3.2  Sample  Valve.  Teflon  six  port  gas 
sampling  valve,  equipped  with  a  1  ml  sample 
loop,  actuated  by  compressed  air  (Figure  15- 
1). 

12.1.3.3  Oven.  For  containing  sample 
valve,  stripper  column  and  separation 
column.  The  oven  should  be  capable  of 
maintaining  an  elevated  temperature  rang¬ 
ing  from  ambient  to  100°  C,  constant  within 
±1*C. 


12.1.3.4  Temperature  Monitor.  Thermo¬ 
couple  pyrometer  to  measure  column  oven, 
detector,  and  exhaust  temperature  ±  1*  C. 

12.1.3.5  Flow  System.  Gas  metering 
system  to  measure  sample  flow,  hydrogen 
flow,  oxygen  flow  and  nitrogen  carrier  gas 
flow. 

12.1.3.6  Detector.  Flame  photometric  de¬ 
tector. 

12.1.3.7  EHectrometer.  Capable  of  full  scale 
amplification  of  linear  ranges  of  10~*to  10'* 
amperes  full  scale. 

12.1.3.8  Power  Supply.  Capable  of  deliver¬ 
ing  up  to  750  volts. 

12.1.3.9  Recorder.  Compatible  with  the 
output  voltage  range  of  the  electrometer. 

12.1.4  Calibration.  Permeation  tube 
system  (Figure  15-3). 

12.1.4.1  Tube  Chamber.  Glass  chamber  of 
sufficient  dimensions  to  house  permeation 
tubes. 

12.1.4.2  Mass  Flowmeters.  Two  mass  flow¬ 
meters  in  the  range  0-3  1/min.  and  0-10  1/ 
min.  to  measure  air  flow  over  permeation 
tubes  at  ±2  percent.  These  flowmeters  shall 
be  cross-calibrated  at  the  beginning  of  each 
test.  Using  a  convenient  flow  rate  in  the 
measuring  range  of  both  flowmeters,  set 
and  monitor  the  flow  rate  of  gas  over  the 
permeation  tubes.  Injection  of  calibration 
gas  generated  at  this  flow  rate  as  measured 
by  one  flowmeter  followed  by  injection  of 
calibration  gas  at  the  same  flow  rate  as  mea¬ 
sured  by  the  other  flowmeter  should  agree 
within  the  specified  precision  limits.  If  they 
do  not,  then  there  is  a  problem  with  the 
mass  flow  measurement.  Each  mass  flow¬ 
meter  shall  be  calibrated  prior  to  the  f  rst 
test  with  a  wet  test  meter  and  thereafter  at 
least  once  each  year. 

.12.1.4.3  Constant  Temperature  Bath.  Ca¬ 
pable  of  maintaining  permeation  4ubes  at 
certification  temperature  of  30*  C  within 
±0.1*  C. 

12.2  Reagents. 

12.2.1  Fuel.  Hydrogen  (H,)  prepurified 
grade  or  better. 

12.2.2  Combustion  Gas.  Oxygen  (O,)  re¬ 
search  purity  or  better. 

12.2.3  Carrier  Gas.  Nitrogen  (N,)  prepuri¬ 
fied  grade  or  better. 

12.2.4  Diluent.  Air  containing  less  than  0.5 
ppm  total  sulfur  compounds  and  less  than 
10  ppm  each  of  moisture  and  total  hydro¬ 
carbons,  and  filtered  using  MSA  filters 
46727  and  79030,  or  equivalent.  Removal  of 
sulfur  compounds  can  be  verified  by  inject¬ 
ing  dilution  air  only,  described  in  section 
8.3. 

12.2.5  Compressed  Air.  60  psig  for  GC 
valve  actuation. 

12.2.6  Calibration  Gases.  Permeation 
tubes  gravimetrically  calibrated  and  certi¬ 
fied  at  30.0*  C. 

12.3  Operating  Parameters.  The  operating 
parameters  for  the  GC/FPD  system  are  as 
follows:  nitrogen  carrier  gas  flow  rate  of  100 
cc/min,  exhaust  temperature  of  110*  C,  de¬ 
tector  temperature  105*  C,  oven  tempera¬ 
ture  of  40*  C,  hydrogen  flow  rate  of  80  cc/ 
minute,  oxygen  flow  rate  of  20  cc/minute, 
and  sample  flow  rate  of  80  cc/mlnute. 

12.4  Analysis.  The  sample  valve  is  actu¬ 
ated  for  1  minute  in  which  time  an  aliquot 
of  diluted  sample  is  injected  onto  the  sepa¬ 
ration  column.  The  valve  is  then  deactivated 
for  the  remainder  of  analysis  cycle  in  which 
time  the  sample  loop  is  refilled  and  the  sep¬ 
aration  column  continues  to  be  foreflushed. 
The  elution  time  for  each  compound  will  be 
determined  during  calibration. 
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